Introduction {#sec1-1}
============

Hypertension (HTN) is a common chronic disease and a major public health problem that affects nearly one billion of the adult population worldwide.\[[@ref1]\] HTN growth is relatively large in developed countries.\[[@ref2]\] The prevalence of HTN is 17.3% among Iranian adults.\[[@ref3]\] Genetic and environmental factors and their interactions are related with the development of HTN.\[[@ref4]\] Among the environmental factors, diet has a major role in regulating blood pressure (BP).\[[@ref5]\] High BP may improve with dietary habits modifications.\[[@ref6][@ref7]\] Dietary approaches to stop HTN diet is an important guideline for the management of HTN and related cardiovascular diseases (CVDs).\[[@ref8][@ref9]\] Previous studies found that dietary protein was inversely associated with BP.\[[@ref10]\] The antihypertensive effect of protein is related not only to the amount of dietary protein but also to the source of protein.\[[@ref10]\] Dietary proteins have a great number of biologically active peptides with positive physiological responses in the body.\[[@ref11]\] Moreover, it was shown that plant protein has a greater role in regulating of BP,\[[@ref12]\] for instance soy protein is rich in arginine, cysteine, and glycine. Arginine is a semi-essential amino acid that is necessary to the production of nitric oxide (NO) that plays an important role on regulating of BP and vascular health.\[[@ref13]\]

Several studies indicated an inverse association between protein intake and BP.\[[@ref14][@ref15][@ref16]\] However, small-scale trials had inconsistent findings.\[[@ref17]\] As the previous studies that tried to examine the association between protein intake and their sources with BP led to inconsistent results and to the best of our knowledge, there is no evidence among neither the Middle Eastern nor Iranian populations on association of different kinds of protein consumption and HTN; therefore, we examined the relationship between dietary protein intake (animal and plant protein) and BP in a large population based on study in Iranian adults.

Materials and Methods {#sec1-2}
=====================

Sampling {#sec2-1}
--------

Data of this study were collected from Isfahan Healthy Heart Program that was conducted in 2007 and participants were enrolled from the three countries of Iran (Isfahan, Najafabad, and Arak). A total of 9960 subjects aged ≥19 years were selected based on stratified cluster random sampling method in this study. Researchers selected a number of households from each of the cluster and then individual who were in one of these five age groups (19--24, 25--34, 35--44, 45--64, and ≥65) were randomly selected from each of these households. Subjects entered the study if they had these criteria: (1) They were over 19 years of age, (2) they experienced living in one of these counties for at least 6 years, and (3) they had Iranian nationality. Subjects were excluded if (1) they were pregnant; (2) they had liver, kidney, or blood disorders; (3) they had hemorrhage diseases; and (4) they had mental and psychiatric disease. This study was approved by the Research Council of Isfahan Cardiovascular Research Center (ICRC).\[[@ref18][@ref19]\]

Data collection {#sec2-2}
---------------

Trained health professionals were collected the socioeconomic, demographic, nutrition, smoking, and physical activity characteristics of participants by 30 min home interviews. Information about the medical history and drug history of participants including CVD disease, diabetes, HTN, and taking medications associated with these diseases was collected by trained physicians. The anthropometric measurements were obtained by medically trained staff. Weight was measured using a scale with minimal clothing and with an accuracy of about 0.5 kg and height was measured using nonelastic meter in a standing position while subjects were without shoes and the measurements were recorded with accuracy nearest 0.5 cm. Waist circumference was measured at a level of midway between the lower rib margin and the iliac crest with the elastic meter while the subjects were in standing position. Maximum circumference over the buttocks was used for measurement of hip circumference. Fasting blood samples from the left antecubital vein of subjects were collected to assess lipid profile and blood glucose concentration. Blood samples were sent to central laboratories of the ICRC and obtained at −20°C based on the National Reference Laboratory criteria (a WHO-collaborating center). All of the parameters were measured in ICRC laboratory which is approved by a national reference laboratory (the WHO collaborating center). Special kits (Immunodiagnostic, Germany) in a Hitachi auto-analyzer (Eppendorf, Germany) were applied to the assessment of total cholesterol and triglyceride level by the standard enzymatic method. Measurement of serum high-density lipoprotein-cholesterol level was conducted with enzymatically method.\[[@ref20]\] Serum low-density lipoprotein-cholesterol level was also measured through Friedewald equation.\[[@ref21]\] Enzymatic reaction was also used to determine the concentration of blood glucose. A standard mercury sphygmomanometer was used for measurement of BP from the right arm of participants who had rested for at least 10 min.

Dietary assessment {#sec2-3}
------------------

The common consumption of plant and animal protein among Iranian population was assessed through seven questions by a validated 48-item-food frequency questionnaire (FFQ).\[[@ref22]\] These questionnaires were an open-ended one which no assessing serving of food consumption. Animal source of protein included meat, poultry, fish, dairy products, and egg and plant source were considered as nuts, legumes, and soy protein.

Blood pressure measurement {#sec2-4}
--------------------------

BP of subjects who were in sitting position for at least 10 min was measured two times by trained physicians according to standard protocol. Systolic BP (SBP) and diastolic BPs (DBPs) were obtained by calculating the average of two measures from the first and the fifth stage of Korotkoff phases, respectively. HTN was defined as an SBP ≥140 mmHg and/or a DBP ≥90 mmHg and/or use of at least one type of antihypertensive medication currently based on Joint National Committee-7 criteria.\[[@ref23]\]

Statistical analysis {#sec2-5}
--------------------

Frequencies for categorical variables and mean and standard deviations for continuous variables were used to summarize the data. Chi-squared statistics and one-way analysis of variance tests were used to compare baseline characteristics, dietary intake, and mean of SBP and DBP based on the quintiles of total dietary protein, animal and plant protein consumption. Analysis of covariance test was used to compare the mean of SBP and DBP in quintiles of total dietary protein, animal and plant protein after adjustment age (year), gender (male/female), education (illiterate/primary/high school and higher), body mass index (BMI) (kg/m^2^), physical activity (metabolic equivalent of tasks \[METs\] min/week), smoking (never/past/current), diabetes mellitus (yes/no), dyslipidemia (yes/no), dietary factor including hydrogenated vegetable oil, nonhydrogenated vegetable oil, animal fat, fast food, sweet, carbonated beverages, fruits and vegetables and cereals (time/week), and using salt at table (yes/no).

Simple logistic regression was first fitted to evaluate the crude relations between HTN and the quintiles of dietary protein sources consumption, then multiple logistic regression, to determine the adjusted associations, considering the reference category as those in the first quintile of dietary protein sources intake. The initial adjusted model was defined comprising age groups and gender as covariates. We fitted model 1 to assess the possibilities of confounding by education (illiterate/primary/high school and higher), BMI (kg/m^2^), physical activity (METs min/week), smoking (never/past/current), diabetes mellitus (yes/no), and dyslipidemia (yes/no). Additional adjusted for dietary factors (time/week) and using salt at the table (yes/no) were adjusted in the model 2. Statistical analyses were performed using SPSS for Windows version 15 (SPSS Inc., Chicago, IL, USA). The significance level was set at *P* \< 0.05. The sensitivity and specificity of the logistic models were calculated for assessment of goodness of fit.

Results {#sec1-3}
=======

Baseline characteristics of participants by quartile of dietary protein intake are shown in [Table 1](#T1){ref-type="table"}. Participants with higher protein consumption were more likely to be men, younger, physically active had higher socioeconomic status and less BMI and less likely to be overweight/obese or a current smoker, hypertensive, diabetic, and dyslipidemic (*P* \< 0.001) \[[Table 1](#T1){ref-type="table"}\]. Among dietary factors, protein consumption was positively associated with intakes of hydrogenated vegetable oil, nonhydrogenated vegetable oil, animal fat, sweet and carbonated beverages, fruits and vegetables, cereals, and salt at the table (all *P* \< 0.01).

###### 

Baseline characteristics according to quintiles of dietary protein intake

![](ABR-6-112-g001)

More frequent total, animal and plant protein intake was significantly related to lower SBP and DBP in a crude model (*P* \< 0.001); however, after adjusting for potential confounders in the fully-multivariable adjusted model, only more frequent plant protein consumption was significantly associated with lower SBP and DBP (*P* = 0. 04) \[[Table 2](#T2){ref-type="table"}\].

###### 

Mean of blood pressure components by quintiles of dietary protein intake

![](ABR-6-112-g002)

The results of logistic regression are presented in [Table 3](#T3){ref-type="table"}. The odds ratios (ORs) (95% confidence interval \[CI\]) of crude and multivariate adjusted models revealed a greater risk of HTN for participants with less frequent total protein intake (OR = 0.43; CI: 0.36--0.51; *P* for trend \< 0.001). All multivariate adjusted models demonstrated significant inverse relationships between the higher category of total protein consumption and risk of HTN. ORs surged enormously in the higher category of total protein consumption. The risk of HTN occurrence decreased 19% in the highest quintile of total protein consumption in fully adjustment model (0.81 \[0.65--0.96\]; *P* for trend = 0.004). Only in crude model, animal protein consumption had a marked effect in lowering risk of HTN (OR = 0.59; CI: 0.50--0.70; *P* for trend \< 0.001). As shown in [Table 3](#T3){ref-type="table"}, the lower risk of HTN occurrence was associated with more frequent consumption of plant protein in crude and full adjustment models. ORs demonstrated that the highest quintile of plant protein intake related to 60% reduction in the occurrence of HTN (0.40 \[0.34--0.48\]; *P* \< 0.001). ORs attenuated marginally by excluding all potential confounder\'s effects (0.82 \[0.67--0.94\]; *P* = 0.03).

###### 

Multivariate odds ratios of hypertension by quintiles of protein consumption

![](ABR-6-112-g003)

Discussion {#sec1-4}
==========

We found an inverse dose-response relationship between the frequency of total, animal and plant protein consumption, and the prevalence of HTN. However, after adjustment for potential confounders, these associations were diluted and significant with total and plant protein consumption. Our study demonstrated that the frequency of plant protein consumption was associated with lower means of SBP and DBP.

In agreement with our findings, the Shanghai woman health study assessed the relationship between soy food consumption (as a source of plant protein) and BP. This study showed that more frequent soy protein consumption was inversely associated with BP. Both SBP and DBPs were lower in subjects who consumed ≥2.5 g soy food compared with subjects who consumed \<2.5 g.\[[@ref24]\] In addition, PREMIER, INTERMAP studies and another study with cross-sectional design showed an inverse relationship between plant protein consumption and HTN risk, while animal and total protein intake had no significant association with BP.\[[@ref10][@ref25][@ref26]\] Furthermore, consistent to our results, a meta-analyses study based on the findings from forty randomized-controlled trials (RCTs) demonstrated that the higher consumption of all sources of protein was associated with lower BP in healthy subjects.\[[@ref27]\] In addition, a systematic review of 46 studies found a weak inverse association between total protein intake and BP among hypertensive participants. Most observational studies containing in this systematic review indicated an inverse association between plant protein intake and BP, while this correlation was weaker between animal protein intake and BP.\[[@ref28]\] RCT that was conducted among pre-HTN or stage I HTN patients concluded that BP decreased with higher protein intake.\[[@ref29]\] Although these different studies had various design and study population but they found a similar relationship between protein intake and BP. However, a prospective study that was conducted among European patients with type 1 diabetes mellitus reported that there was no significant relationship between all kinds of protein intake and incidence of HTN after 7 years follow-up. It might be due to diabetes mellitus status.\[[@ref30]\] Umesawa *et al*. study demonstrated that more frequent total protein consumption was inversely associated with SBP and DBP among Japanese men and women.\[[@ref31]\] The significant inverse association was also found between animal protein intake and SBP. It must be underlined that the protective effect of total protein on DBP was still supported by the multivariate adjusted model of linear regression. In contrast, the result of this study showed that plant protein consumption was positively correlated with SBP after adjustment for potential confounders.\[[@ref31]\] Umesawa *et al*. proposed that positive association of plant protein consumption with BP derived from high sodium content of plant protein sources in the Japanese population.\[[@ref31]\] In addition, it must be noted that the variety of nutrient content of animal protein sources including saturated fatty acid and omega-3 fatty acid that are found in red meat, fish, and poultry caused different effects on BP.\[[@ref26]\]

There are several purported reasons, which indirectly may explain the biological plausibility of different dietary protein consumption and BP improvements. First, the amino acids content of protein including arginine, tryptophan, and tyrosine can affect the regulation of BP. L-arginine is a precursor of NO, which has a vasodilatory property so it can improve the BP.\[[@ref32][@ref33]\] Second, the previous study showed that increasing protein intake lead to increase renal plasma flow, rate of glomerular filtration, and exertion of sodium that they are important for regulating of BP.\[[@ref34]\] Third, the crunchy textural property of protein promotes satiety as the mechanical act of mastication results in secretion of hormones such as cholecystokinin that is dietary compensation that finally leads to lower calorie intakes, weight management, and finally BP modulation.\[[@ref35]\] Fourth, proteins that have low-glycemic index lead to smaller increase in insulin concentration compared with carbohydrate and thus it may play a role for management of BP.\[[@ref36]\] In addition, plant proteins are the source of magnesium, potassium, and fiber that they are effective in regulating of BP.\[[@ref37][@ref38][@ref39][@ref40]\] The result of this study was adjusted for fruit, vegetable, and cereal that they contain high amount of fiber, but magnesium and potassium intake were not adjusted in this study so they may influence the result of our study. Soy protein that was classified as plant protein foods is containing isoflavones. The study showed that isoflavones are effective in reducing BP.\[[@ref17]\] High intake of soy protein by the subjects of this study may be involved in a significant inverse association that was shown between plant protein intake and BP.

Strength and limitations {#sec2-6}
------------------------

The strengths of this study were its large population covering three different countries with a variety of socioeconomic status, which make it unique dataset in Iran and Middle East. Limitations included the study\'s cross-sectional design, which is theoretically unable to clarify the effective factors resulting in dietary protein\'s HTN improvement properties. No adjustment for potassium, magnesium, and folate intake is another limitation, though the dietary sources of these nutrients, including fruit, vegetable, and cereal were adjusted in our analyses. Causality can therefore not be demonstrated. Furthermore, our analyses could only make associations at a particular point in time and not take into account dietary changes over time. Our data supported an association between protein consumption and lower BP, but more studies are needed to establish their individual degree of protection and effectiveness. The FFQ was qualitative; therefore, it is impossible to assess protein intake as gram or serving as well as energy intake. Our estimation may outline a missing dose responsible for protein consumption for different genders and various age groups.

Conclusions {#sec1-5}
===========

We concluded that frequent protein consumption, particularly plant protein was inversely associated with HTN and may regulate BP and finally exert cardioprotective effects among Iranians. However, more randomized clinical trials are required to illustrate the dose-response effect of nuts on lipid profile.
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